ABSTRACT
INTRODUCTION
Industrial flow processes are complex in nature; often involve a variety of mixing components in a combination of gas, liquid and solid phases. Industrial mixing is a very important process as the quality of the final product will be derived by the quality of the mixing. If mixing process is not properly done, it will lead to a nonhomogeneous product which lack in consistency (Williams et al., 1995) . Therefore, it requires proper selection in the design to ensure that the result of the mixing is efficient and effective. Bubble column belong to the general class of multiphase reactors which consist of three main categories, namely the trickle bed (fixed or packed bed), fluidized bed and the bubble column. A bubble column is basically a cylindrical vessel with a gas distributor at the bottom. The gas is spurge in the form of bubbles into either a liquid phase or a liquid-solid suspension. Bubble column are generally referred to slurry bubble column reactors when a solid phase exists (Nigar et al., 2004) . Hence, bubble column is the best choice for this type of reactor especially for chemical and biochemical field as its advantages in simplicity of the construction and maintenance, low power consumption, minimal space requirements due to the vertical design and effective mixing phase to improve the heat and mass transfer characteristics (Degaleesan et al., 2001 and D´ıaz et al., 2007 , Mayank et al., and Giorgio et al., 2017 .
However, to get the optimum level and well-mixed process, many mechanical problems were detected. This is due to difficulties in getting the equipment's to monitor and measure the mixing (Kim et al., 2006) . In other words, in the industrials practices, specifications and design of the mixing tank is based on empiricism and theory. This is because, the theoretical and calculation approaches are limited due to the mixing process itself which is very complex. It can give strength to the dependence of hydrodynamic and transport parameters in the system flow ranges. Hence, one of the effective phases mixing visualization technique is tomography which is a robust and powerful technique to visualize two dimensional (2D) and three dimensional (3D) conductivity image in a bubble column by using various types of sensor, electrodes and multiple planes placed at different distances and the same time free from radiology (Takriff et al., 2000 , Kim et al., 2006 and Takriff et al., 2009 . Process tomography (PT) technique is a new technique that has developed rapidly in recent years and which has great potential and wide industrial application prospect for direct characteristics analysis for multiphase flows (Warsito et al., 2001 and Beck et al., 1996) . Electrical resistance tomography (ERT) is one kind of PT technique and has been proved to be a powerful tool for mapping the concentration and velocity distributions in two-phase flow (Jiang et al., 2007 and Wang et al., 2000) .
This study focuses on the application of the ERT on the gas liquid mixing in the bubble column reactor. Experiments were carried out to investigate the gas dispersion performance, visualized the mixing pattern and determine the gas hold-up at different parameter such as gas velocity, type of impeller and velocities of impeller.
METHODOLOGY
Experimental Set-up A typical Electrical resistance tomography (ERT) schematic system is shown as in Figure 1 , that consist of gas inlet supply, perforated plate, bubble column, array sensor, impeller rode, electrical motor, data acquisition system (DAS), image reconstruction unit and display unit. The cylindrical bubble column is made of glass with the inside diameter is 13.5 cm with its height is 97.5 cm. The column is equipped with perforated plate with five holes which has 3.0 mm internal diameter. The column is mounted with the array electrode that has four planes of 16 stainless steel electrodes which they are directly connected to an ITS P2000 ERT system. The plane consist of electrodes are designated as P1, P2, P3 and P4 where it is located from top to the bottom part of the column with the distance between the planes is 20 mm.
The DAS collects the real time instantaneous signals from spatial sensing array that reflect the twodimension (2D) or three dimension (3D) gas distribution of the measured field (Qi et al., 2005) . Due to the high sensitivity of electrical electrode, the cautiousness work should consider in order to get the high accuracy of the conductivity value. In this study, the ERT system that applied to the connected electrodes is very powerful tool that capable enough to capture even the small changes of the conductivity due to its ability to collect 104 s voltage values per data frame and data acquisition speed is 20 frames per second at frequency of 9.6 kHz (Takriff et al., 2009 ).
Experimental Parameter and Properties
The 3L volume of tap water was filled in the column and three types of inert gas; nitrogen, oxygen and hydrogen gas is supplied through the gas inlet pipe supply. The details properties of the tap water and gases is shown in Table 1 . The electrical motor run the blade impeller to accelerate the gas dispersion in the water phase in the column. In this study, two types of impeller are used; the radial flow Rushton impeller and the axial flow Lightnin A320 impeller as shown in Figure 2 . The diameter of the Lightnin A320 impeller and the Rushton impeller is 11 cm and 10 cm, respectively.
RESULTS AND DISCUSSION

Gas Dispersion Performance
The oxygen gas dispersion in the column was investigated with and without the two types of the impeller rotation on the effect of three different gas flowrate, Fg. The formation of bubble gas was observed as the gas flowrate is increased as shown in Figure 3 . From the results, it shown without the impeller rotation at Fg=0.083 m/s, the pattern of gas diffusion is uniform and homogeneous with a good bubble formation where the bubbles size distribution is small and uniform. Although, at Fg=0.0167 m/s, the gas flow pattern formed dispersion in the heterogeneous formation where the bubble gas generated is in the form of a turbulent flow and in a large bubble size. On the other side, at Fg=0.025 m/s, the flow pattern of bubble diffusion is same as at Fg=0.0167 m/s however the bubble formation is in the slug flow form which results in the distribution of different range of bubble sizes. From the Figure 3 , with the 250 rpm impeller rotation, at Fg=0.083 m/s, the bubble's formation by the Lightnin impeller shows a turbulent flow pattern at the bottom of the column compared to the Rushton impeller which shows a uniform flow. While, at Fg=0.0167 m/s, the bubble formation by the Lightnin impeller is in the form of tornadoes pattern and small bubbles were observed at the top of column. On the other side, the Rushton impeller form a turbulent flow pattern as well but it generates the countless small bubbles at the top of column. At Fg=0.025 m/s, both types of the impeller generated a tornado flow pattern and only Lightnin impeller shows a turbulent flow pattern. Figure 4 shows the others two types of gas; nitrogen and hydrogen gas dispersion in the bubble column at different gas flowrate and at two types of impeller with 250 rpm rotation. The same pattern was observed even using different type of gas due to small variance between permittivity and conductivity of gas. However, there are slightly small differential in the bubble formation, bubble size and flow pattern type; homogeneous and heterogeneous patterns that were observed. Due to the small variance in the gas density, the oxygen gas resulting the smaller number of bubbles as compared to the hydrogen and nitrogen gas. This observation can be clearly seen when the impeller is attached to the column where the bubbles are formed at the vicinity of impeller rod. Besides, the gas dispersion in the column at the moderate flowrate; Fg=0.0167 m/s was investigated on the effect of three speed rates of impeller; 50, 150 and 250 rpm as shown in Figure 5 . It was observed that the homogeneous to heterogeneous flow pattern in the shape of turbulent flow were occurred as the higher speed rate of impeller.
Flow Pattern of Gas Distribution
By using ERT system, the tomography image of gases dispersion in the column at time mixing of 75 seconds at three different gas flowrates; Fg are visualized as shown in Figure 6 . The bar color range from blue to red color where the red color represents the high conductivity (only water content), the blue represents the low conductivity (only gas content) and the green color represent the well mixed of gas-liquid dispersion in the bubble column. The array electrodes at four panels; P1, P2, P3 and P4 capture the conductivity value that represent the ability of gas dispersion in the water. In this study, only the gas dispersion at the panel 3 and 4 were discussed in details in order to investigate the effect of impeller rotation on the gas dispersion where the impeller blade located clearly in the area of panel 3 and 4 (refer Figure 1) . FIGURE 5. Gas dispersion in the column at Fg = 0.0167 m/s at three speed rates of impeller; 50, 150 and 250 rpm. FIGURE 6. Tomography images of oxygen, nitrogen and hydrogen gas dispersion at three different gas flowrates; Fg and two types of impeller at t=75 s with the impeller rotation is 250 rpm using ERT system.
Once at impeller speed rotation 250 rpm, different shades of tomography images can be seen for both impellers. It was observed the mixing process of the oxygen gas with tap water in Figure 6 achieved the optimal level for all three gases feed velocity as the Lightnin A3200 impeller is applied (tomography image indicates with yellow and orange color). The gas spreads in all parts of the bubble column compared with the Rushton impeller. This tomography image indicates that for oxygen-tap water mixing, using the Lightnin impeller is more effective than using the Rushton impeller. It is because the shape and design of Lightnin impeller blade which is wider and sharper that help to distributed and spread the homogeneous gas around the column. The dispersion of nitrogen gas in the column almost reached the optimum level when using both types of the impellers. The Lightning impeller provides the best gas dispersion at 0.025 m/s as compared to the others. Yet, both impellers cannot achieve the best mixing for the hydrogen gas dispersion due to the very low density; ρ=0.08342 kg/m 3 , resulting in the longer time required for the dispersion to be occurred.
Gas Hold-up
The gas hold-up as a function of the impeller power consumption and superficial gas velocity was expressed by the Hikita and Kikukawa relation (Hikita et al., 1974) . Figure 7 shows the effect of three speed rates impeller; 50, 150 and 250 rpm on the gas hold-up at two types of impeller. At the high gas density; oxygen gas, the Rushton impeller shows the optimum gas hold-up compared to Lightnin impeller at speed of 250 rpm impeller. While, at the lowest gas density; nitrogen gas, the Lightnin impeller produces the optimal gas hold-up compared to the Rushton impeller at speed of 250 rpm. For the moderate gas density; hydrogen gas, at the speed of 250 rpm, both type of impellers produces almost optimum gas hold-up that occurs during agitation.
The overall gas hold-up in the bubble column was determined and calculated (Pirdashti et al., 2009) Jurnal Kejuruteraan (UKM Engineering Journal) 29 (2): 9 pages, In Press ISSN:0128-0198 E-ISSN:2289-7526
Optimum Gas Mixing Condition
The optimum mixing condition and gas dispersion were analyzed using Design-Expert software (DOE++) 10.0.4 Synthesis in ReliaSoft software Launcher 10 (Stat-Ease, Minneapolis, US.). In this study, the shape of analysis is 2LF (2 level factorial), quadratic and cubic. As for the type of statistical analysis it is based on the analysis of variance (ANOVA © ), response surface plot 3D contour plot and plot the cube. The resulting graph in three dimensional (3D) was shown in Figure 9 . It was illustrating the effect of the relationship of gas flowrate and speed rate of impeller rotation on the gas dispersion and mixing time. It shows the speed rate of impeller and the gas flowrate is in the inversely proportional to the mixing time. From the result, the optimum time for the mixing process to be occurred is when the rate speed of impeller is at 150 rpm and the gas flowrate at Fg=0.001375 m/s.
CONCLUSION
The gas dispersion performance and the flow pattern in the bubble column were investigated with the effect of gas flowrate, different type of impeller, speed rate of impeller and type of gas. The pattern of mixing profile of the gas dispersion in the tap water was visualized by the electrical resistance tomography (ERT) system. The result shows the optimum time for the mixing process to occur is at the speed rate of impeller is at 150 rpm and the gas flowrate at Fg=0.001375 m/s.
